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INTRODUCTION 
In an undisturbed drainage basin, water reaching the 
ground from precipitation moves to the main stream channet by 
any of several methods. Some water moves overland or through 
the upper layers of soil to be discharged into the stream 
relatively quickly ~s direct runoff. The rest infiltrates · 
deep into the ground. and reaches the stream much later. A 
small fraction of the water evaporates at the surface. As 
the basin undergoes urbanization, the amount of impervious 
surface and the area served by storm sewers increases, which 
allow less water to infiltrate and more to contribute to dir-
ect runoff •. This process has the effect of increasing the 
amount of direct runoff to a stream as the basin becomes 
more urbanized. 
In the area selected for study of this relationship, 
~· ,. .. 
Touby Run drainage basin in Mansfield, Ohio, there has been 
urban development in the last twenty years. In this study I 
will try to determine whether or not there has been enough 
urbanization to significantly increase the amount of direct 
runoff entering Touby Run after periods or heavy rainrall. 
Similar studies have been done on.Long Island (Seaburn, 
1969), in California (Crippen, 1965; Harris and Rantz, 1964), 
and in various places by the U.S. Geological Survey. Seaburn 
determined that there had been a 530 percent increase in the 
area served by storm sewers, with a corresponding increase in 
the average annual direct runofr or 270 percent. He also 
showed~itlat the imper~ious cover had increased rrom 6 percent 
to about 27.6 percent. Crippen showed that the basin he worked 
in had been 45 percent urbanized, with 10 percent or the basin 
being under impervious cover, which produced a 40 percent in-
crease in the peak discharge of a flood. The U.S. Geological 
Survey has shown that the maximum amount of the basin that 
can be rendered impervious, under normal urbanization, is 
about 32 percent. 
TERMINOLOGY 
RUNOFF (Adapted from Chow, 1964; p. 14-2) 
Runoff, or total runoff, is the part of precipitation 
which appears in bodies of surface water such as streams, 
rivers, or lakes. When this water is collected from a drain-
age basin it passes through the outlet of the basin • 
.,.. 
Runoff can be diyided into several components, depending 
upon their mode of travel to the body of w~ter. Surface.run-
off is the part of total runoff that reaches the stream or 
lake by travelling over the land surface, or through ·chAnnels 
such as paved streets or storm sewers. Subsurface runoff is 
due to precipitation that infiltrates the upper layers or 
soil, then moves laterally through _these layers to be dis-
charged into the stream or lake as shallow groundwater above 
the main water table. This can be. further divided into prompt 
sub.surface runoff and delayed subsurface runof.f. These are 
• • ,f 
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divided differently, depending on the particular project, but 
such division is not important here. Groundwater runoI'f, or 
groundwater discharge, comes from precipitation that infil-
trates deep into the soil, becomes groundwater, then dischar-
ges, much later, into the stream or lake. 
The above division of runoff is useful in highly complex 
engineering problem~. However an easier and more practical· 
division exists, and_will be used here. Total runoff ·can be 
separated into direct runoff and base flow. Direct runoff is 
that part of the_ precipitation which enters a stream or lake 
promptly after reaching the ground. It consists of surface 
runoff, prompt subsurface runoff, and channel precipitation 
(channel precipitation is precipitation that falls directly 
on the body of water, and is usually considered as a part of 
surface runoff). Base flow is the sustained or perennial 
flow in a body of water, and consi.sts of groundwater runo.ff 
and delayed subsurface runoff. 
PRECIPITATION (Adapted from Chow,· 1964; pp. 14-2, 14-3) 
Precipitation can occur in many forms such as snow, rain, 
sleet, or hail, however in this study only rainfall is consid-
ered,. and precipitation will be taken as b~ing synon:ymous with 
rain.fall. 
Total precipitation consists of ths abstractions and pre-
cipitation excess. The abstractions are that part of the pre-
cipitation which does not become part of surface runoff, and 
•• '.f 
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are controlled by one or.more of the following; evaporation, 
transpiration, infiltration, interception, and depression 
storage. These in turn are controlled by such things as temp-
erature, humidity, barometric preassure, amount of vegetation, 
rate of withdrawl of groundwater, impervious surraces, and 
rate of infiltration. 
Precipitation excess is precipitation left over after . 
the abstractions are taken away, and contributes directly to 
surface runoff. Its volume is directly affected by the amount 
of abstractions. 
Figure l illustrates the relationship between total pre-
cipitation and total runoff and the various components of each. 
Total Precipitation 
Precipitktion Excess 
I Infilt~ation 
I Subsurface Runoff 
Surface Runoff 
Direct Runoff 
~: I 
I Prompt 
Subsurface 
Runoff 
I Delayed 
Subsurface 
Runoff 
Total Runoff 
Other Abstra~tions 
1 Deep Percolation 
Groundwate! Runoff 
Base Flow 
Figure 1. The relationship between total precipitation and 
total runoff. Modified after Chow, 1964. 
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URBANIZATION 
Urbanization is defined as construction of residential 
and/or commercial establishments, roads, streets, parking lots, 
and other impervious surfaces, and construction of storm 
sewers. 
SELECTION OF A STUDY AREA AND 
INFOR~ATION SOURCES 
BASIC REQUIREMENTS 
In a study of this type, the area under consideration 
must meet several requirements. The first is that there must 
be a continuous recording stream gage at the outlet of the 
basin. This gives a~ instantaneous hydrograph showing changes 
~· in the flow of the stream, and the time at which these.changes 
occur. A rating table is necessary to convert this to an in-
stantaneous discharge hydrograph. 
The second qualification is that there must be a con-
tinuous recording precipitation station within or very near 
the basin. This allows one to have a record of the hourly 
rainfall, which is useful in determining rainfall intensities. 
The ideal situation would be to have several precipitation 
stations within the basin so an a6urate determination or rain-
fall intensity and distribution over the entire basin could 
5 
be attained. However this is rarely the case and usually a 
point source of rainfall data must be used. 
The third qualification is that there must have been ur-
ban development over the period of record of the stream gage 
and the precipitation station. 
The last qualification is that the basin should be rel-
atively small. This makes it.much easier to work with. 
Changes in stream flow would show more prominantly after a 
small storm. There would be more chance of widespread urban-
ization over the basin. Also there would be more chance of 
getting an even rainfall distribution over· the entire basin 
for any given storm. Seaburn (1969) st~died a basin of 31 
square miles, and concentrated on a 10 square mile area that 
had been completely urbanized. Crippen (1965) consLdered a 
basin of only 245 acres. 
It is hard to find an area that meets all of these re-
~· 
quirements exactly. Psually one or more criteria are lacking. 
As a result, the qualifications have to be relaxed somewhat. 
When any of the qualifications are relaxed, sources of error 
are introduced that must be recognized when interpreting the 
data. It is possible to analyze the basin.without continuous 
recorded data. It is also possible to use one precipitation 
station if several are not available. However the results 
will not be as accurate nor as flexible as if continuous re-
corded data ·and several stations were used. 
6 
INFORMATION SOURCES 
A list of areas fulfilling the requirements for a study 
of this type can be compiled by matching features of areas 
described in several sources. A list of gaging stations in 
Ohio is contained in a series of circulars published by the 
U.S. Geological Survey called the Index of Surface Water 
Records. These contain the position of the stations, their 
period of record, the type of record kept, and the size or 
the drainage basin. 
Precipitation stations in Ohio are given in a monthly 
publication called Climatological Data, published by the U.S. 
Environm.en tal Data Service.. It lists the positions of sta-
tions, whether it is a recording or non-recording station, and 
daily totals of precipitation. Also, the U.S. Geological 
Survey has the same information .for a series of stations that 
they maintain throughGut Ohio. 
A history of the urban development in an area can be 
developed from records at county, city, and/or village 
engineering or any land use planning o.ff-ices. Topographic 
maps can be useful in determ~ning the_amount o.f urbanization. 
Areal photos from the U.S. Geological Survey, Department of 
Agriculture, or private sources such as engineers, surveyors, 
etc. can also be useful. 
The above sources were consulted for possible study areas 
in Ohio, however the same sources could be used to locate a 
study area anywhere in the United States. 
7 
DESCRIPTION OF THE STUDY AREA 
The Touby Run drainage basin is located on the west side 
of Mansfield, Ohio. It is approximately 5.44 square miles in 
size. Within the basin lies a section of the city or ·Mans-
field, a section of the village of Ontario, and the rest is 
under the jurisdiction of Richland County. ·The terrain is 
gently rolling, with a maximim relief of between 260 and 270 
feet (Figure 2). 
The U.S. Geological Survey established the Touby Run 
gaging station in 1946. It is a continuous water-stage re-
corder in a.wooden reach-in shelter. Its location is 
82° 32' 35'' W. Longitude, 40° 45' 55 11 N. Latitude (Figure 2). 
The elevation of the gage is 1216.42 feet above sea level. 
At this gage, instantaneous hydrographs are made. Instan-
taneous discharge hydrogra.phs can be made from these using a 
rating table for this,stream. On September 12, 1970, a dig-
ital recorder was installed, which gives gage heights at pre-
determined times around the clock. Again, using a rating 
table, instantaneous discharge hydrographs can be made. 
The U.S. Geological Survey also established a continuous 
recording precipitation station within the basin in August, 
1953. It is located at 82° 34' 20'' W. Longitude, 40° 45' 25'' 
N. Latitude (Figure 2). A network of precipitatiQn stations 
is not available so this station will serve as a point source 
of rainfall data. for the entire basin. 
-. : ,f 
8 
~, 
The Touby Run drainage basin has shown an increase in 
urban development since the stream gage and the precipitation 
station were established. Most of the area within the basin, 
and east of Trimble Road was already developed when the gaging 
station was put in, as this lies well within the limits of 
Mansfield. The eastern boundary of the village of Ontario 
lies along Home Road, at about the center of the basin. Most 
of the development in the village took place in the middle to 
late 1950's up through 1962. Since 1962 most of the develop-
ment that has taken place in the village has been or the com-
mercial type. Before the middle 1950's there was little 
urban development in Ontario. Urbanization within the city 
of Mansfield between Home and Trimble Roads, and the county 
land south of the Ontario boundary has all occurred in the 
last fifteen years. 
PROCEDURES 
Urbanization Analysis 
ANALYSIS OF DATA 
Changes _in the arnot1nt of urbanization were determined 
by the following method. A grid was placed over a topographic 
map of the drainage basin. The number of nodes falling on 
an urbRnized area was totaled for each of seven types of 
urbanization encountered. The number of nodes for each type 
of urbanization was divided by the number of nodes contained 
10 
in one square mile, the quotient being the number of square 
miles covered by tbat type of urbanization. This value is 
multiplied by the "sampled percent impervious cover", .for that 
particular type of urbanization, and the product is the percent 
of the basin under impervious cover re su_l ting from that type 
of urbanization. The "sampled percent impervious cover" is a 
number dervied by th~ U.S. G~ological Survey from various 
studies of this type .(James Board, U.S.G.S., pers. comm.). 
It represents the percentage of an area under impervious 
cover, resulting from a particular type or urbanization. The 
number of square miles covered by each type of urbanization 
is coverted to the percentage of the basin covered by that 
type of urbanization. Examples of calculations for percent 
urbanization and percent impervious cover in the basin are 
shown in Table 1. 
The above procedure was done twice, using 2 grids, one 
with 172.25 nodes per.square mile, the other with 27.56 nodes 
per square mile. The values obtained for each were then 
averaged to get the final results. 
Hydrologic Analysis 
I have used two methods to compare precipitation and 
discharge in order to determine whether any changes have taken 
place within the basin. The first· is the "~ainfall vs. runoff 
graph". It is a plot of the amount of rainfall vs. the amount 
·, 'If 
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of direct runoff for a particular storm. It shows the re-
lationship between the size of the storm and the amount of 
direct runoff, and changes that occur in this relationship as 
urbanization takes place within the basin (Figure 3). 
The second method of analysis is a plot of the lag times 
for each storm •. The lag time is the difference in time be-
tween the center of .mass of the rainfall, and the center of~ 
mass of the direct runoff. The center of mass is the time at 
which one-half of either the rainfall or the direct runoff 
has passed (Figure 4). 
The first step in analyzing the hydrologic character-
istics of this basin was to establish the period of record, 
or the period of time over which I would look at the changes 
in the basin. 
I decided on a period from January 1, 1954 to December 
31, 1973. The former date was picked because that is when 
good rainfall records become available from the precipitation 
stati.on. The later date was chosen because it allows the 
period to be broken into 4 equal groups of 5 years each. 
They are listed in Table 2. 
From each of the four periods, five storms were chosen 
for analysis. · Five were chosen to allow the average to be 
one storm per yePir, to get a somewhat equal distribution of 
events throughout the entire period of recorde 
Several criteria had to be fulfilled to use a particular 
storm for analysis. The first was that there had to be a 
·. : ~ 
13 
Rv .... ft r 
( it\ches) 
Ro;,,foll (inche~ ~ 
Figure 3. Example or change in rainfall vs. runoff relation-
ship for pre-urbanized and urbanized periods. 
P~- Ur&a,,iz.eJ Ur banizec:I 
Ti me (h, s.) ~ 
Figure 4. Example of change in lag time for pre-urbanized 
and urbanized periods. 
Table 2. The Five Year Groups of the Period of Record 
. Group A: January 1, 1954 to December 31, 1958 
Group B: January 1, 1959 to December 31, 1963 
Group C: January 1, 1964 to December 31, 1-968 
Group D: January 1, 1969 to December 31, 1973 
•• , .f 
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good match between the rainfall data and the stream gage data. 
Using the point source of rainfall data affects this because 
a storm may be centered in a part of the basin such that only 
a fraction of the total precipitation is recorded at the pre-
cipitation station, yet a very high peak will show on the 
stream gage data. The second qualification was that the charts 
from these two sources had to be of sufficient quality to per-
mit easy retr'ieval of the information. Some of the charts 
I 
had been damaged either by water or by mis-handling, and the 
information on them was unreadable. Thirdly, the rainfall 
shorild have been as evenly distributed.as possible over the 
period of the storm. This avoids having multiple peaks on 
the hydrograph, which complicates the analysis. It is best 
if the hydrograph started and ended at the base flow level. 
Therefore the chosen storm should not have been preceded or 
suceeded too closely by any other rainfall. Lastly, I 
.,.. 
wanted to choose and analyze storms with the widest possible 
ranges of magnitude. 
After the storms were chosen, the next step was to deter-
mine the amount of di re ct runoff produced by each storm. To 
do this instantaneous discharge hydrographs were developed, 
using the proper rating table, and the base flow was separated 
from the direct runoff by_the method described in Appendix I. 
At each hour, beginning at the point· of rise (Appendix I), the 
amount of base flow in cubic feet per second (cfs) was sub-
tracted from the amount of total flow. This gives the a~ount 
·, l .f 15 
of direct runoff in cfs at a particular hour. These hourly 
va.lues were summed, and the total divided by the number o:r 
measurements, or values, per 24 hours, in this case 24. This 
gives the amount of direct runoff in second foot days (sfd). 
One sfd is equal to a flow of 1 cfs flowing for 1 day. This 
volume was then converted to inches. One sfd is equal to 
l.492992Xl08 cubic inches, or the number of seconds in one 
day, 86,400, times the number of cubic inches in one cubic 
foot, 1,728. This is divided by the number of square inches 
9 
within the drainage basin, 4.0l44896xl0 square inches per 
l square mile, times 5.44 square miles; or 2.1838823xlo10 
square inches. This quotient is multiplied by the number o:f 
sfd's of direct runoff to give the amount of direct runoff, 
in inches. 1 See Table 3 for an example. The amount of pre-
cipitation, in inches, was then plotted against the amount 
of direct runoff, in inches, for that storm in a log-log plot. 
~· 
~·· 
I next wanted to look at the lag times of the individual 
storms. The rainfall data were displayed on a hyetograph, 
plotted on the same time base as the dlscharge hydrograph 
associated with it. The duration of the storm was broken into 
units, in this case of two hours. The ordinates represent the 
amount of rainfall that occurred in a particular two hour 
period. To find the center of mass of the rainfall, the time 
must be .found when one half of the raj nfall has occurred. 
1 This method is described in Linsley, Kohler, and Paulhus; 
1958 p. 197 
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An example of how this is done is shown in Table 4. The 
center of mass of the direct runoff must also be found, and 
is done in a similar fashion, which is shown in Table 5. 
Table 4. Example of Calculation of Center of Mass of Rainfall, 
and an Example of a Hyetograph 
----·-------------------- ----------
Unit Amt. of 
Rainfall 
1 .140 
2 .285 
3 .375 
4 .230 
5 .120 
6 .040 
7 • 010 
Total: 1. 200 
1. 200 - • 600 
2 -
Cumulative 
(in. ) Total (in. ) 
.140 
.425 
~.600 
.BOO 
1.030 
1.150 
1.190 
1.200 
• 425~ difference = .175 
.600 
.800 difference = .375 
.175 X X= 46.67~ 
.375:: 100 
46.67 X X-=- 56 min. 
100 :: 120 
Time of Center of Mass = 6:56 A.M. 
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RESULTS 
Urbanization 
Application of the procedure described earlier indicates 
that the portion of the basin urbanized has risen from 6.5 
percent, or 0.35 square miles, in 1954, to 24.4 percent, or 
1.3 square miles in 1973. The percentage of the basin that 
is under impervious cover has risen from 0.16 percent in 
1954 to 0.5 percent in 1973~ These totals are the result of 
urbanization of several_ types, which are listed, along with 
their values, in Table 6. 
Table 6. Changes in Urbanization and Impervious Covar 
Type of 
Urbanization 
Roads and Highways 
Shopping Centers, Offices 
High Density Industrial 
Low Density Industrial 
High Density Residential 
Niedium Density Residential 
Low Density Residential 
Totals: 
Percent of 
Basin 
Urbanized 
1954 1973 
2.800 6.250 
o.ooo 2.150 
o.ooo 2~150 
o.ooo 0.650 
3.000 3.000 
0.700 9.500 
o.ooo 0.675 
6.500 24.400 
0.35 mi 2 1.3 mi2 
20 
Percent of 
Basin 
Impervious 
1954 _1973 
0.100 0.225 
o.ooo 0.060 
0.000 0.035 
o.ooo 0.008 
0.050 0.050 
0.010 0.120 
o.ooo 0.005 
0.160 0.500 
Hydrologic Characteristics 
Figure 5 is a log-log plot of the amount of direct run-
off vs. the amount of rainfall, for each storm. T~e slope 
of the plotted points reflects the relationship between the 
two. The greater the slope, the more direct runoff is pro-
duced for a given amount of precipitation. A change in the 
slope indicates a change in this relationshj_p. As a basin 
becomes urbanized a greater percentage of precipitaion will 
contribute to dire ct runoff. There.fore in the· 1a.ter 5-year 
groups, the slope of the line t~rough the points should be 
greater than that .for the earlier groups, if there has been 
an increase in the amount of direct· runoff. 
In Figure 5 the points all lie within a fairly well-
defined group, and all lie along the same general trend •. 
·There is no significant change in the trend of ~he plotted 
points from group to group. As is expect.ad, the graph shows 
th at a greater amount of rainfall produces a greater amount 
of direct runoff. This increase is greater than a 1:1 ratio. 
Since the soil can hold only a given amount of moisture,· 
any excess will contribute to direct runoff •. When a greater 
amount of rainfall occurs, more of the water will be forced 
to ruh off. 
Figure 6 is a plot of the lag times for each storm. As 
the basin becomes more urbanized the lag t1.P.1es should decrease. 
Less water ~ill be able to infiltrate, and a greater amount 
of direct rt;noff will reach the stream in the same amount of 
•• : If 
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F igure 6. Lag times for each storm. 
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time as a lesser amount of runoff for a storm in a pre-
urbanized perjod. Since the center of mass of the runoff is 
the time when one half of the runoff has passed the gaging 
station, the lag time should decrease. 
I l4'· 6 n ... igure the lag times fluctuate randomly through-
out the period of record. They also fluctuate randomly with-
in each 5-year group. The.average for each group is also 
plotted. There is a·decrease in the average lag time from 
Group A to Group B, however the average jumps up again in 
Group C to a value greater than Group A. There is no sig-
nificant trend in the lag times through the period of record. 
There are several sources of error in the procedure I 
used, which should be considered, and may have affected the 
results somewhat. Only a point source of rainfall data was 
available instead of the desired network of recording sta-
tions. The point source gives the amou~t and time distri-
,.. 
bution of precipitati'on at that point, not the overall dis-
tribution ror the basin. If the storm was centered in a part 
of the basin away from the recording station, the amount or 
rainfall recorded would be different than the actual amount 
of rainfall over the entire basin. This could have two 
effects. The actual rainfall runoff relationship would be 
different than the one determined, because the amount of 
rainfall would be_ different. Several wrong values could 
change the slope of the line representing the relationship, 
either increasing or decreasing the slope. The lag time 
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would also be affected. -The center of mass of the rainfall 
depends upon the amount and time distribution. Therefore the 
actual center of mass could be quite different than the one 
determined, and would cause the actual lag tjme to-be elther 
shorter or longer than the value used in analysis. 
To counteract this problem a network of continuous re-
cording precipitaio~ stations could be established. There . 
are reliable methods. of determining an overall value of pre-
cipitation r~ a basin from several recording stations {Chow, 
1964; Linsley, Kohler, and Paulhus, 1958). 
A second source of error comes from the condition of the 
soil •. Antecedent soil moisture, or the moisture already in 
the soil before the time in question, and whether the ground 
is frozen or not, would affect the amount of direct runoff 
from a storm~ The greater the antecedent soil moisture, the 
greater the amount of direct runoff ·produced from any given 
.,.. 
"~ 
amount of precipitation. Also the greater the degree to 
which the soil is frozen, the greater will be the amount of 
direct runoff. These two factors could affect the rainfall 
runoff relationship. For a particular· amoun.t of rainfalt, · ·. 
different amounts of runoff would be produced under diffe~ent 
soil conditions. 
To correct for these factors, a network of monitoring 
stations could be established to keep track of the soil con-
dittons. These results would then be accounted for in the 
values for the direct runoff. In this particular study, the 
25 
time and resources were not available to do this. 
CONCLUSIONS 
The information in Figures 5 and 6 show that there has 
been no significant change in the direct runoff, over the 
period of record. The amount of urbanization that I have 
est2-mated to have taken place is evidently too sm'all to alter 
the regime of the precipitation and runoff. I have estimated 
that approximately 1.3 square miles of the basin have been 
developed. This development has been spread throughout the 
basin, rather than concentrated in one particular area. I.f 
it had been concentrated, perhaps a change would have occurred. 
However, there is only apnroximately 0.5 percent of the basin 
under impervious cover, and this may not be enough to effect 
.,. . 
.. ~ 
a change in the runoff, even if it were highly concentrated. 
In the futurej as more urbanization takes piace, a 
change could occur. This area will have the available recorde 
to do a study o~ this type to see if further development ·will 
result in lncrea sed direct runoff. If this indeed does occur, 
there will be several effects. First of all, the lag time 
for a storm should decrease. Also, flood peaks will be higher 
due to the increased runoff. Less water would be able to in-
filtrate to become groundwater, so the water table could fall. 
If groundwater is used as a source of public water, it would 
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become harder to gAt, and undoubtedly more expensive to use. 
FURTHER WORK 
A study of this type can be done in any area that meets 
the aforementioned requirements. Using different techniques 
and procedures, different types of changes can be looked at 
than those in this study, but with the overall purpose or 
determining how changes within the basin have affected stream-
flow. 
In Akron, Ohio there are two gaging stations at the out-
let of basins, which could be utilized for a similar study. 
They are the Springfield Lake Outlet, and the station on the 
Little Cuyahoga River at Massillon Road. Both are listed in 
the aforementioned In4ex of Surface Water Records. They were 
established in 1946, so some change in the urban pattern must 
have occurred since then. 
Near New Philadelphia, Ohio lies the Home Creek drainage 
basin, with a gaging station which was established in 1936. 
There has been some strip mining within this basin, and the 
techniques used in this study could be modi:ried to determine 
the effect of the strip mining. 
One or the big problems in doing a study such as this is 
finding a relatively small basin, with the necessary stream 
gage records. It seems in the past that the main .concern has 
27 
been to obtain information from large streams occupying large 
basins. However the trend seems to be changing now. As 
people are becoming more concerned with their nearby surround-
ings, the emphasis seems to be shifting toward studying smal-
ler streams. Perhaps the shift will allow for more gaging 
stations being placed on small streams, then more work of this 
and similar type can be done • 
.,.. 
,. . 
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APPENDIX I 
SEPARATION OF DIRECT RUNOFF FRm~ EASE FLOVl 
ON A DISCHARGE HYDROGRAPH 
After a period of precipitation, two components are rep-
resented in the flow of a stream, the direct runofr and the 
base flow. When the stream flow is plotted as a discharge . 
hydrograph these two . components ·can. be separated, and the vol-
ume of each determined. There are several common methods for 
doing this and they range in complexity. First, we should de-
fine the parts of a hydrograph. They are shown in Figure A. 
AB approach segment c 
BC rising segment 1 CD recession segment 
Ois.char3e 
B point of rise 
C peak 
B and D represent the 
same discharge Time ~ 
Figure A. The parts of a hydrograph (Adapted from Chow, 
1964; P.• 14-9). 
Linsley, Kohler, and Paulhus (1958), and Chow (1964), 
repo~t that there is no way to distinguish the direct runoff 
from the base flow in a stream at any particular time, and 
also that the definitions of these two compontnts are some-
what arbitrary. Thererore, the method of separating the 
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components on the hydrograph is also arbitrary, and the differ-
ences in volume of the components from one method to another 
are minimal. 
The easiest and simplest method of separating base flow 
from direct runoff is to draw a straight line from the point 
of rise, to a point on the recession segment with the same 
discharge as the point of rise, a line BD on Figure A. Eveny-
thing above the line ·is direct runoff, everything below is 
base flow. 
Another method involves the formula N = A· 2 , where N = 
time in days, and A: the area of the drainage basin is square 
miles. A verticle line is drawn from the peak, line CE in 
Figure B. A horizontal line is drawn to the right from the 
point of rise, line BE in Figure B. Next, a line-N days long 
is drawn horizontally from line CE, such that tt intersects 
the recession segment, line FG in Figure B. A line is then 
drawn from E to G. Lfne BEG represents the line separating 
base flow and direct runoff. 
A third method also involves the value N. The approach 
segment_is extended to a point under the peak of the hydro-
graph, line BE in Figure c. Then a straight line is drawn to 
the recession segment, intersecting N days after the peak, 
line EF of Figure c. Line BEF represents the separation of 
direct runoff and base flow. This is done because-as the 
flow of the stream increases, some water flows into the banks, 
therefore the amount of base flow should decrease (Linsley, 
•• : .f 30 
Kohler, and Paulhus, 1958). 
Many times, on the charts I used, the discharge did not 
reutrn completely to the discharge at the point of' rise be-
fore another storm occurred and the stream rose again. There-
fore, I have chosen my own arbitrary method of separating 
direct runoff and base flow. I have drawn a straight line 
from the point of rise, to a point on the recession segment· 
th~t represents 2 cubic feet of discharge greater than that 
at the point of rise. I have used this method consistently 
with all the hydrographs and feel that it will work satis-
factorily. 
c. 
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